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157] - ABSTRACT

A vibrating element for the vibration under an expan-
sion mode has a substrate made of a constant modulus
alloy having a plate shape which is symmetrical along a
line extending across the substrate. At least one pair of
projections extends from opposite sides of the substrate
symmetrically with respect to the line. A thin piezoelec-
tric film 1s deposited on the substrate, and a vibration
electrode film is further deposited on the piezoelectric
film. The pair of projections are provided to be trimmed
to adjust the vibration frequency of the vibrating ele-
ment.

30 Claims, 6 Drawing Figures
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1
PIEZOELECTRIC VIBRATING ELEMENT
BACKGROUND OF THE INVENTION
1. Field of the invention
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- electrode film is further deposited on the piezoelectric

film. The pair of projections are provided to be trimmed
to adjust the vibratton frequency of the vibrating ele-

" ment.

_ " The present mvention relates to a wbratlng element.. |
" capable of vibrating under an expansion mode and,

“more particularly, to a piezoelectric vibrator defined by

a thin piezoelectric film deposited on a substrate made

of a constant modulus alloy and a vibration electrode

film deposited on the piezoelectric film. It also relates to

- a method for adjusting the vibration frequeney of such
‘a vibrating element. |

2. Descrlptlon of the Prior Art S

As shown in FIG. 1, a typical plezoeleetrle v1brator.

- 101 of the prior art has a substrate 102 on which a piezo-

o electric film 103 is deposited by way of sputtering, and
a vibration electrode film 104 which is further deposited

on piezoelectric film 103. The electric signal is applied
between substrate 102 and electrode fiim 104. |

- In FIG. 2, an equivalent circuit of vibrating element
101 is shown. The equivalent circuit includes a reso-

nance inductance L, a resistance R and a series capaci-

- tance Cs, which are connected in series, and a paraliel
capacitance Cp, which 1s connected in parallel with the
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- BRIEF DESCRIPTION OF THE DRAWINGS

‘These and other objects and features of the present

invention will become apparent from the following
description taken in conjunction with a preferred em-- -

bodiment thereof with reference to the accompanying
drawings, throughout which like parts are designated
by like reference numerals, and in which: |

FIG. 1(a) is a perspective view of a vibrating element

according to the prior art;

FIG. 1(b) 1s a diagram showing an equivalent circuit
of the element shown in FIG. 1(a); | |
FIG. 2 1s a perspective view -of a vibrating element

- according to a preferred embedlment of the present
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- series connection of L, R and Cs. The vibration charac- .

. teristics can be evaluated by using a ratio ¢(=Cp/Cs),
- such that the smaller the ratle ¢, the better the v:bratlon _

characteristics.
The vibration frequency is determined by w1dth be-

30

- tween opposite sides 105a and 1055 of the vibrator 101 .

- such that the vibration frequency becomes higher as the
width becomes narrower. Accordingly, the vibration

frequency has in the past been adjusted by trimming the

- opposite sides 105a, 1055 along the chain lines shown in

FIG. 1{a). However, cutting the opposite sides in a
plane is very difficult.

For this reason it has been proposed that instead of
cutting the opposite sides, slits Sa and Sb be formed at
opposite sides 105a and 1055, / as shown in FIG. 1(a).
Although this method is easier than cutting the opposite
sides, the formation of such slits Sa and Sb results in the
Increase of the ratio ¢ and, at the same time, in the
decrease of the difference DF between the antiresonant
frequency and resonant frequency, thus deteriorating
the vibration characteristics.

SUMMARY OF THE INVENTION

The present invention has been developed with a
view to substantially solving the above described prob-
lems and has for its essential object to provide an im-
proved vibrating element in which the vibration fre-
~ quency can be adjusted with high accuracy in a simple
manner without deteriorating the vibration characteris-
tics, and also to provide a method for adjusting such a
vibration frequency.

It 1s a further object of the present invention to pro-
vide a vibrating element which can readily be manufac-
tured at low cost.

In accomplishing these and other objects, a vibrating
element according to the present invention, which vi-
brates under an expansion mode, comprises a substrate
made of a constant modulus alloy having a plate shape
which 1s symmetrical along a line extending across the
substrate. It further comprises at least one pair of pro-
jections extending from opposite sides of the substrate
symmetrically with respect to the line. A thin piezoelec-
tric film i1s deposited on the substrate, and a vibration
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| 1nventlon

FIG. 315 a graph showing a relationship between the
length of projections provided to the v1brat1ng element
and the vibration frequency; |
FIG. 4 is a graph showing a relationship between a
ratio of the length of the projection to the W1dth of the

.v1brat1ng element and a ratio ¢; and

‘FIG. 5 is a graph showing a relationship between a

ratio of the 1ength of the projection to the width of the
- vibrating element and a difference DF between antires- |

onant frequency and resonant frequency.

| DESCRIPTION OF THE PREFERRED
| EMBODIMENTS o

Referring to FIG. 2, a plezoelectrlc resonator 1S

shown according to a preferred embodiment of the |
- present invention. A piezoelectric vibrating element 1

comprises a vibration substrate 2 and a piezoelectric
film 3, made of, e.g., Zn0O, deposited on substrate 2
through the step of, for example, sputtering. A vibration
electrode film 4 1s further deposited on piezoelectric
film 3 through the step of, for example, vapor deposi-
tion.

The vibrating element 1 has a rectangular configura-
tion defined by four sides 5a, 5b, 62 and 6b and is pro-
vided with a pair of triangular projections 1a and 15
extending outwardly from the opposite sides 5a and 55
at positions symmetrical with respect to a line extending
between the centers of the opposite sides 6¢ and 65. In
this arrangement, opposite sides Sa and 5b serve as the
frequency setting sides, such that the peripheral config-
uration of the sides S¢ and 5b and the distance W be-
tween the sides 5a and 56 determines the vibration fre-
quency of the vibrating element 1.

The vibrating element 1 is connected to a pair of arms
7Ta and 7b extending outwardly and radially from the
centers of opposite sides 6z and 6b, respectively. The
arms 7a and 7b are further connected to a frame 8 so
that the vibrating element 1 can be supported only by
arms 7a and 7b. The frame 8 can be supported in a
suitable casing (not shown), for example, at its four
COrners.

According to the preferred embodiment, substrate 2,
arms 7a and 7, and frame 8 are made of a constant
modulus alloy, such as Elinvar, Invar, or Co-elinvar,
and can be formed integrally through a known step,
such as pressing or etching. Furthermore, the piezoelec-
tric film 3 extends along arm 7q and partly on frame 8 at
a place indicated by number 11. Similarly, the vibration
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electrode film 4 extends to a terminal 10 along and on
piezoelectric film 3. This arrangement i1s formed by
using suitable masks during the deposition of piezoelec-
tric film 3 and during the deposition of vibration elec-
trode film 4. In this arrangement, the extended part 11
of the piezoelectric fiim 3 serves as an 1nsulation layer
and the extended part 10 of the electrode serves as a
terminal for the external connection. For example, ter-
minal 10 may be soldered to a lead line.

According to the present invention, the vibration
frequency is adjusted by trimming the tops of triangular
projections 1a and 15, preferably the same amount. The
change of the vibration frequency with respect to the
change of the height P of the triangular projection is
shown 1n the graph of FIG. 3. As apparent from the
graph, the vibration frequency increases as the height P
of the projection decreases. A vibration frequency FO,
when there 1s no projection on the opposite sides 5a and
55, can be given by the following equation.

] C
) = D

wherein C i1s a constant as follows,

1 — P

C=T3pa TP

E,

P 1s Poisson’s ratio, E 1s Young’s modulus, D is density
~and W 1s the distance between opposite edges Sa and 5b
. that determines the vibration frequency.

Thus, when designing the vibrator of the present
invention, the size of vibrating element 1 is determined

such that, if there were no triangular projections, it
would vibrate at a frequency slightly higher that the

required frequency, and if there were full triangular
~ projections, it would vibrate at a frequency slightly
. lower than the required frequency. Thus, during the
trimming of the tops of the triangular projections, the
vibration frequency of vibrating element 1 gradually
increases. When vibration frequency is at the required
frequency, the trimming is stopped. Thus, the adjusted
vibrating element 1 will have small projections at its
opposite sides 3a and 55, which projections may not be
triangular any more, but more likely be trapezoidal. The
trimming is done, for example, by using a laser cutter.

Referring to FIG. 4, a relationship between the ratio
(P/W) of height P of the projection to the width W of
the vibrating element 1 and the ratio ¢(=Cp/Cs) is
shown. According to the vibrating element of the pres-
ent invention, the ratio ¢(=Cp/Cs) is relatively low
when the ratio (P/W) of height P of the projection to
the width W of the vibrating element 1 is relatively low.
In fact, when the ratio P/W is between 0-10%, the ratio
¢ shows a lower figure than the vibrating element 1 that
has no projection. Thus, in the region where the ratio
P/W is between 0-10%, the vibration characteristics
are even better than that of the vibrating element with-
out any projection.

Furthermore, referring to FIG. 5, a relationship be-
tween the ratio P/W and a difference DF between
antiresonant frequency and resonant frequency is
shown. According to the present invention, the vibrat-
ing element 1 will have a sufficiently high difference
DF 1in the region where the ratio P/W is between
0-20% and, therefore, in that region, good vibration
characteristics can be ensured.

4

According to the present invention, vibrating ele-
ment 1 can be of a configuration other than rectangular,
such as a square or circular configuration. Furthermore,
projections 1a and 15 can be of a configuration other
than triangular, such as a rectangular, trapezoidal or
semicircular configuration. Moreover, more than one
projection may be provided on each of the opposite
sides Sa and 5b so long as the projections are symmetri-

- cal with respect to a line extending between the centers
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of the opposite sides 6a and 60 and through the node
poInt.

Although the present invention has been fully de-
scribed with reference to a preferred embodiment,
many modifications and variations thereof will now be
apparent to those skilled in the art, and the scope of the
present invention is therefore to be limited not by the
details of the preferred embodiment described above,
but only by the terms of the appended claims.

What is claimed is:

1. An expansion mode vibrating element comprising:

a substrate made of a constant modulus alloy having

a plate shape which is symmetrical along a line
extending across the substrate;

first and second sets of N projections extending from

respective opposite sides of said substrate symmet-
rically with respect to said line, N being an integer
greater than zero;

a thin piezoelectric film deposited on said substrate;

and

a vibration electrode film deposited on said piezoelec-

tric film, wherein the vibration frequency of said
vibrating element may be adjusted by trimming
sald projections;

wherein the ratio P/W of the length of said projec-

tions to the width of said substrate between said
projections 1s about 0-20 percent.

2. The vibrating element of claim 1, wherein said
projections are integral with said substrate.

3. Apparatus as in claim 1, wherein the ratio P/W 1s
about 0-10 percent.

4. The vibrating element of claim 2, wherein said
projections are further integral with said thin piezoelec-
tric film deposited on said substrate.

5. A method for making a vibrating element which
vibrates under an expansion mode, said method com-
prising the steps of;

forming a substrate made of a constant modulus alloy

having a plate shape which is symmetrical along a
line extending across the substrate;

forming first and second sets of N projections extend-

ing from respective opposite sides of said substrate
symmetrically with respect to said line, N being an
Integer greater than zero;

depositing a thin piezoelectric film on said substrate;

depositing a vibration electrode film on said piezo-

electric film; and

trimming said projections to adjust the vibration fre-

quency of said vibrating element.

6. The method of claim 5, wherein said substrate is
generally rectangular in shape.

7. The method of claim 6, wherein said projections
are generally triangular in shape.

8. The method of claim 7, wherein N=1.

9. The method of claim §, wherein said projections
are integral with said substrate.

10. The method of claim 9, wherein said projections
further are integral with and extend from said piezo-
electric film.
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11. A method for controlling a vibration frequency of
a vibrating element which vibrates under an expansion
mode, said vibrating element comprising a substrate
made of a constant modulus alloy having a plate shape
which 1s symmetrical along a line extending across the

substrate, a thin piezoelectric film deposited on said
substrate and a vibration electrode film deposited on
said piezoelectric film, said controlling method com-
prising the steps of:
forming first and second sets of N projections extend-
ing from respective opposite sides of said substrate
symmetrically with respect to said line; and

trimming said projections to adjust the vibration fre-
quency of said vibrating element.

12. The method of claim 11, wherein said substrate 1s
generally rectangular in shape.

13. The method of claim 12, wherein said projections
are generally triangular in shape.

14. The method of claim 13, wherein N=1.

15. The method of claim 11, including trimming said
projections to increase the vibration frequency of said
vibrating element to a desired frequency.

16. The method of claim 11, wherein said projections
are integral with said substrate.

17. The method of claim 16, wherein said projections
further extend from and are integral with said piezo-
electric film.

18. An expansion mode vibrating element compris-
ing:

a substrate made of a constant modulus alloy having

a plate shape which is symmetrical along a line
extending across the substrate:

first and second sets of N projections extending from

respective opposite sides of said substrate symmet-
rically with respect to said line, N being an integer
greater than zero; |

a thin piezoelectric film deposited on said substrate;

and

a vibration electrode film deposited on said piezoelec-

tric film wherein the vibration frequency of said
vibrating element may be adjusted by trimming
sald projections;

wherein said substrate is generally rectangular in

shape.

19. The vibrating element of claim 18, wherein said
projections are generally triangular in shape.

20. The vibrating element of claim 19, wherein N=1.

21. An expansion mode vibrating element compris-
ing:

a substrate made of a constant modulus alloy having

a plate shape which is symmetrical along a line
extending across the substrate;

a thin piezoelectric film deposited on said substrate;

a vibration electrode film deposited on said piezoelec-

tric film; and

first and second sets of N projections extending inte-

grally from respective opposite sides of said sub-

strate symmetrically with respect to said line, N 60

being an integer greater than 0, the vibration fre-
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quency of said vibrating element being adjustable
by trimming said projections;

wherein the ratio P/W of the length of said projec-
tions to the width of said substrate between said
projections is about 0-20 percent.

22. The vibrating element of claim 21, wherein the
vibration frequency of said vibrating element may be
Increased by trimming said projections.

23. The vibrating element of claim 21 wherein said
projections further extend from and are integral with
sald piezoelectric film.

24. Apparatus as in claim 21, wherein the ratio P/W
1s about 0-10 percent.

25. A method for making an expansion mode vibrat-
ing element, said method comprising the steps of:

forming a substrate made of a constant modulus alloy
having a plate shape which is symmetrical along a
line extending across the substrate;

forming first and second sets of N projections extend-
ing from respective opposite sides of said substrate
symmetrically with respect to said line, N being an
integer greater than 0;

depositing a thin piezoelectric film on said substrate:

depositing a vibration electrode film on said piezo-
electric film; and )

trimming projections to increase the vibration fre-

~ quency of said vibrating element to a desired fre-
quency.

26. The method of claim 25, wherein said projections

are mtegral with said substrate.

27. The method of claim 26, wherein said projections
also extend from and are integral with said piezoelectric
film. |

28. The method of claim 25, wherein the ratio P/W of
the length of said projections to the width of said sub-
strate between said projections is about 0-20 percent.

29. The method of claim 28, wherein the ratio P/W is
about 0-10 percent. |

30. An expansion mode vibrating element compris-
Ing:

a substrate made of a constant modulus alioy having

a plate shape which is symmetrical along a line
extending across the substrate;

a thin piezoelectric film deposited on said substrate;

a vibration electrode film deposited on said piezoelec-
tric film;

first and second sets of N projections extending from
first respective opposite sides of said substrate sym-
metrically with respect to said line, N being an
integer greater than O, the vibration frequency of
sald vibrating element being adjustabie by trim-
ming said projections;

a frame surrounding the substrate, having first and
second arms extending within the frame to second
respective opposite sides of said substrate for sup-
porting the substrate, said second sides being dis-
tinct from said above-mentioned first sides which
have said projections extending therefrom, and said
substrate, said arms, and said frame being integral

with one another.
¥ K % % *
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